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(57) Abstract: The present invention relates to a method for the 
prevention, reduction and/or removal of asphaltene-paraffin-vax 
precipitates on surfaces in contact with crude oil within oil-wells 
from bottom hole to well head, in flow lines and pipelines by the 
useof biocolloid suspensions. In particular, the method comprises 
adding together (a) microorganism (s) capable of reacting with, sol- 
ubiiizing of and/or resistant to the components of crude oil, (b) or> 
ganic or inoi^anic additives, or (c) a mixture thereof into the pipes, 
and the so formed suspension containing the microorganisms is al- 
lowed to act for a desired time. The said susp>ension can be used 
for the decomposition, washing-off and removal of solid hydrocar- 
bons and mixtures of long chain hydrocarbons, as well as for the 
prevention of formation thereof. 
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Method for the treatment and prevention of asphaltene-paraffln-vax precipitates in 
oil-^vells, wellheads and pipelines by the use of biocolloid suspensions 

The present invention relates to a method for the prevention, reduction and/or removal 
5 of asphaltene-paraflSn-vax precipitates on surfaces in contact with crude oil within oil- 



suspensions. In particular, the method comprises adding together (a) microorganism(s) 
capable of reacting with, solubilizing of and/or resistant to the components of crude oil, (b) 
organic or inorganic additives, or (c) a mixture thereof into the pipes, and the so formed 
10 suspension containing the microorganisms is allowed to act for a desired time. The said 
suspension can be used for the decomposition, washing-ofF and removal of solid 
hydrocarbons and mixtures of long chain hydrocarbons, as well as for the prevention of 
formation thereof 

The term "asphaltene-paraffin-vax precipitate" means in general a mixture of natural 
15 crystalline crude-oil paraffins, solid asphaltenes and/or solid hydrocarbon resins having 
high degree of dispersion and organic content, which precipitates from the crude oil and 
sticks to the walls of oil producing equipment to decrease the cross section thereof The 
precipitation takes place upon the decrease of the temperature and pressure, as well as 
upon the change in the composition of the well-stream. 
20 The term "film carrying bacteria" or "bacterium-carrying film" is defined herein as a 
continuous film in the physicochemical sense, which binds well to metal surfaces soiled 
with hydrocarbons, and at the same time provides for the living conditions for the bacteria 
used. Preferably, the viable bacterial layer forms a part of the film. 



that changes the viscosity and rheological properties of a liquid having Newtonian 
rheological properties when admixed therewith, producing a colloid system having soft, 
plastic rheological properties. 

The term "microorganism'' is meant herein as a living organism, either of mono or 
30 multicellular structure or without and cellular structure, preferebly monocellular 
organisms, which belong to the scope of microbiology. "Microorganisms" are preferebly 
algae, in particular blue algae; bacteria and fungi. 

A "microorganism strain" is a pure culture of microorganisms started from a single cell, 
preferebly a culture of a given species maintained or maintainable by regular subculturing. 



wells from bottom hole to wellhead, in flow lines and. pipelines by the use of biocolloid 



25 



"Tenside" means any surfactant. 

A "material increasing viscosity" defined herein as an organic or inorganic compound 
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One of the main problems of crude oil production is the removal of the mixture of long 
chain solid hydrocarbons, paraffins, vaxes and asphaltenes deposited from the crude oil 
onto the walls of production devices. A wide variety of physical and chemical methods are 
used these days in the field of crude oil production and transport for decreasing and 
removal of asphaltene-paraffin-vax precipitates. It is known from the art and industrial 
experience that the efficiency of every significant demulsification technique depends on a 
series of physico-chemical and technological parameters, which determine the intensity, 
location and characteristics of the asphaltene-paraffm-vax precipitates. 

In practice, scrapers are widely used for cleaning the walls of production pipes of oil- 
wells from asphaltene-paraffin-vax precipitates. These are lowered down into the well on a 
steel cable with a reel using human power or machinery at predetermined time intervals, 
generally every few days, to a depth of 300 to 400 m. This method has several 
disadvantages: 

(i) the scraper with the solid hydrocarbon stuck to it narrows the cross-section of the 
pipe, therefore acts as a local resistance or piston, which is not desirable under certain 
circumstances; 

(ii) due to the breakage of the steel cable, the scraper often remains in the production 
pipe of the oil-well, the rescue of which causes significant production losses and extra 
cost; 

(iii) special devices, personnel and experience is necessary for the movement of the 
scraper within the production pipe; 

(iv) the application of scraper only solves the cleaning of tubing, but, at the same time, 
the deposition of asphaltene-paraffm-vax precipitates continues at the wellhead and 
near the well, thereby decreasing the flow cross-section. 

Other physical methods for the cleaning of flow line and transfer pipelines of oil-wells 
include the use of different mechanical devices made of various materials, such as rubber 
balls, polyurethane pig, pipeline-scraper, etc. This method has several disadvantages: 

(i) special loading and receiving chambers and locking system is necessary for the 
insertion and removal of the mechanical cleaning devices at the receiving stations; 

(ii) the cleaning devices are often stuck in the pipelines, consequently causing 
production loss and their removal is very expensive; 
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(iii) these devices are sensitive, therefore tlieir replacement is essential after a certain 
time. 

Physical methods used in practice also include thermal procedures, which involve the 
periodical compression of hot crude oil, light hydrocarbon condensate, dry water vapor 
into the production pipes, annulus of the wells, flow line and/or transfer pipelines. This 
method has several disadvantages: 

(i) the transportation and heating of materials necessary for the treatment is difficult to 
carrj' out, especially during winter, it requires machinery/ and energy, and also can pose 
danger of fires and accidents. 

(ii) the production or transport must be stopped in certain cases to carry out the 
treatments. 

Compared to the physical methods, the chemical methods are more universal. They can 
be performed by using a wide variety of chemical compounds. Different metliods are 
characterized by the specific effects of the reagents. These include the foUovsdngs: 

(i) use of solvents in such an amount that is sufficient for the prevention of 
crystallization of paraffin under the given technological conditions, gasoline, heavy 
ends and other hydrocarbon-based solvents can be used as solvent. When the amount of 
vax and asphaltene components is high in the precipitate, large aromatic hydrocarbons 
are used. 

(ii) use of materials for decreasing the freezing-point of the oil (dispersants) which, by 
their absorption on the parafiEin crystals, helps to maintain the crystals in a finely 
dispersed form within the liquid. At the end, the intensity of the deposition of 
asphaltene-paraflfm-vax organic complexes onto the walls of pipes and devices 
decreases. 

(iii) use of surfactants to form a coat that prevents the attachment of asphaltene- 
paraffin-vax precipitates onto the surfaces of pores, pipes and devices; 

(iv) use of inhibitors, v^hich intensify the crystallization of paraffin within the cmde oil, 
thereby increasing the number of small crystals, and preventing (inhibiting) the further 
enlargement and clumping. The small paraffin crystals and the vaxes, asphahenes 
attached thereto are carried further by the flow, thereby the probability of their 
deposition is decreases; 
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(v) use of complexing chemical compounds, which have triple effect based on their 
composition: partial dissolution of asphaltene-parafEin-vax mass, dispersion of paraffin 
crystals and wetting of the surface of the devices by the activity of surfactant in the 

reagent. 

5 Besides the several advantages of the chemical methods, the following disadvantages 
are present: 

(i) most of the reagents are prepared in chemical factories far from the site of 
application and by the use of complicated processes, therefore the price and 
transportation means significant extra cost; 
10 (ii) in case of diluents, amounts necessary for the treatment (3 to 35 m^) compensates 
the relatively low price, and the treatment itself must be repeated at every one to two 
months; 

(iii) in order to achieve long-lasting effects, in most of the cases reagents must be fed 
continuously, which requires construction of specific well equipments, injection pumps. 
15 There are oilfields where the older technology does not enable continuous feed, and the 
periodical treatments are not sufficient to achieve the desired results. 
In addition to the above listed methods, microbial procedures and microorganisms are 
used to remove and/or inhibit asphaltene-paraffin-vax precipitates [Teh Fu Yen, Microbial 
Enhanced Oil recovery: Principle and Practice, CRC Press Inc. Boca Raton, Florida 
20 (1990]. 

This method is based on the properties of specific crude oil degrading bacteria to be 
able beeing adsorbed onto the surface of solid hydrocarbons, amongst them on the surface 
of asphaltene-paraffin-vax precipitates, which serve as nutrient source for the 
microorganisms [N. A. Lebedev et al.. Prospects for microbiological technologies 

25 development in XXI century. Neftjanoje Hozjajtvo, 1 1/200]. Direct contact between the 
cells and solid substrate is not only advantageous, but essential for the hydrocarbon- 
degrading microorganisms. Adsorption of microorganisms changes the surfece properties 
of the adsorbent and adsorbate, i.e. the surface of the asphaltene-paraffm-vax precipitates 
and adsorbed cells. The interaction between the cell surface and soUd phase is effected by 

30 the protein complexes, lipids, polysaccharides and glycoproteins of the microbial cell wall. 
In addition, cells within the liquid phase, and especially the adsorbed ones, produce and 
secrete alcohols, fatty acids, biopolymers and exoenzymes into the environment during 
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their life cycle [Broshures of Micro-Bac International, Inc., USA (1990)]. Due to the 
adsorption, the dispersion of exoferments and organic hydrolizates is decreased, which are 
concentrated in close proximity to the surface of adsorbed cells. Consequently, a 
hydrophilic layer is formed on the hydrophobic surface of asphaltene-paraffin-vax 
5 precipitates, which is consisted of cells and metabolites. 

Thus, based on its effects on the asphaltene-parafRn-vax precipitates, the 
microorganism suspension can be characterized as an adhesion, wetting, hydrophilizing, 
coating agent, as well as a natural inhibitor, due to its wash-ofiF efiFect. 

The action of adsorption inliibitors is based on the hydrophilization of the inner wall of 
10 the production pipe and pipelines, by the formation of a high molecular weight polymeric 
adsorption layer. Such adsorption layer is formed by the bacterial cells themselves. The 
bacterial cell wall is a complex system of a multitude of compounds, in which the effect of 
hydrophobic and hydrophilic molecules is combined. The high molecular weight, 
carbohydrate type compounds produced during the life cycle of bacteria, and enrichment 
15 thereof in the proximity of cells, also facilitates the polarization of surfaces. Production 
and excretion of lipid metebolites into the system treated decreases the interfacial tension 
between water and oil, thereby these compounds act as surfactants. 

The production of natural inhibitors, differing from the chemical inhibitors which are 
washed off and diluted from the wall of the production pipe in relatively short time and 
20 require repeated treatments for the desired effect, depends on the conditions within the oil 
well and on the concentration and type of microorganisms, and it is a self-sustaining, 
renewing process. Another significant difference is that adsorption of microorganisms 
occurs not only on the walls of production and other pipes but on the surface of asphaltene- 
paraffin-vax precipitates, thereby there is no need for thorough cleaning to expose the 
25 metal surfaces prior to the treatment with the bacterial suspension. 

Inhibition of asphaltene-paraffin-vax precipitates can also take place through their 
complete or partial metabolism. In this case the C-C hnkages of the paraffm molecules 
brake up, and this process continues until the solid molecule is converted into a mobile 
liquid phase p. Lazar, A. et al.. The use of naturally occurring selectivity isolated bacteria 
0 for inhibiting paraffm deposition, JPSE, ELSEVIER 22, 161-169 (1999)]. 

The bacterial strains used in the microbial compositions used for the treatment of 
asphaltene-paraffin-vax precipitates are selected from the group consisting the following 
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bacteria: Bhodococcus, Candida^ Pseudomonas, Acinetobacter, Arthrohactei\ and other 
hydrocarbon-degrading microorganisms. If the conditions are suitable, these bacteria are 
capable of being adsorbed onto the surface of solid hydrocarbons and onto the inner walls 
of pipes, as well as able to break up enzymatically the C-C linkages of the precipitates. 

Thus, it is very important to improve the methods having different efficacy for the 
removal of asphaltene-paraffm-vax precipitates from oil-producing wells to improve the 
efificiency of oil production and to decrease costs. 

It was surprisingly found that by a specific combination of chemical and 
microbiological methods a significant improvement can be achieved in the removal and 
prevention of asphaltene-parafifm-vax precipitates formed in the oil producing wells, flow 
lines and pipelines. 
Summary of the invention 

In the method according to the invention, microorganisms selected in an appropriate 
way are used, and a "film carrying bacteria" is formed in the treated pipes by the use of a 
combination of appropriate additives. This film provides the living and operating 
conditions for the microbes. In addition to this, the additives of the microorganisms used 
for the inhibition of the formation of asphaltene-paraSin-vax precipitates are supplemented 
with tensides and materials increasing viscosity, which, in part or on the whole, are 
biodegradable. These are advantageous from a technological standpoint, and on the other 
hand, provide a retard carbon source for the microbes, therefore their use can provide the 
approach and attachment of microbes to the inner metal surfaces of the pipes for a longer 
period of time, and can provide for the living conditions thereof It was especially 
surprising to find that the combination of the additives according to the invention enables 
the long-standing survival of a self-sustaining bacterial layer on the wall of the pipe. This, 
in contrast to the state of the art solutions, enables the continuous cleansing of the surfaces 
in contact with cmde oil. Without restricting the scope of the invention by theory, the 
survival of the bacterial layer on the surfaces in contact with crude oil might be due to the 
combined effects according to the invention, of the additives used. La this respect, it is 
especially noteworthy that by the addition of materials increasing viscosity to the film 
carrying bacteria, the inherently viscous precipitates can be broken up, therefore decrease 
of their viscosity is achieved. 
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Therefore, the present invention relates to a biotechnoiogical method, comprising the 
addition of selected microorganism or mixtures thereof in very high (10^ to 10^^ CPU per 
liter, preferably lO'' to lO" CFU per liter, more preferably 10^ to 10^ CFU per liter) amount 
in a fairly high (100 to 1000 liter per 100 meter pipe-length, preferably 500 liter per 100 
meter pipe-length) volume with optimally balanced additives and carriers into the pipes to 
be treated in the form of gel suspension, and the said suspension is allowed to act for a 
desired time period. 
Brief description of the figures 

In figure 1, colonies of isolated bacteria can be seen streaked (inoculated) on a thin film 
of pollutant in three Petri-dishes. It can be observed that the pollutants are decomposed or 
converted surrounding the colonies. This can be seen as clearing or discoloration around 
the colonies. Whether we W2Uit to characterize the activity of decomposition, we can 
measure the width (diameter) of the cleared up (discoldrated) band. 

In figure 2 the ability of the acquired microorganism strains (phyla) to produce tensids 
is examined. With the hydrophilic - hydrophobic drop test one can observe the difiference 
between spreading and non-wetting drops. 

Figure 3 shows the effect of several microorganism strains — described using 
chromatography - on the hydrocarbon content of a paraffin sample (for V. see figure 3a , 
for n. see figure 3b) after one week of incubation. In the bar chart the ratio (expressed in 
percentage) the area below the curve characteristic of the undecomposed sample can .be 
seen in the ratio of the area below the curve of the whole undecomposed mass. The marks 
on the horizontal axis mean the following microorganism strains. 

Refl Hegrem* 
Refn Hegboost* 

A MOL-2 NCAJM (P) B 1304 

B MOL-32 NCA1M(P)B 1305 

C MOL-51 NCAIM (P) B 1306 

D MOL'66 NCAIM (P) B 1307 

E MOL-107 NCAIM (P) B 1308 

F MOL-1 13 KPseudomonas sp. strain isolated by the inventors 

* commercialized by Oil Cleaning Bio-Products Ltd. P.O.Box 46, Royston, 
Hertfordshire SG8 9PD U.K., see also the product descriptions and the home page: 
www. ocbp.co.uk. 



wo 2004/03153(^^ PCT/HU2(»03/000079 



8 

Figures 4a and 4b show the flow characteristics of crude oil samples form the oil-wells 
Alg-556 and Do-55, before the treatments of asphaltene-parafifin-vax precipitates, and after 
3 treatments. 

Figures 5a and 5b show the microscopy of the asphaltene-paraffin-vax precipitated from 
5 the same crude oil samples before (5a/l and 5b/l) and after (5a/2 es 5b/2) the treatment. 

Figures 6a and 6b show the output and composition of the same wells from oil samples 
before the treatment, and after three treatments. 
Detailed description 

The present invention relates to a method for the removal of asphaltene-parafifm-vax 
10 precipitates and prevention of formation thereof on surfaces in contact with crude oil 
comprising 

a) adding tensides, materials for increasing viscosity, and microorganism(s) capable of 
breaking down crude oil components or derivatives and producing at least one type of 
tenside, to the surface, optionally together with additives required for the reproduction of 

1 5 said microorganisms; 

b) providing an appropriate temperature for the microorganisms after the addition of the 

materials in step a); 

c) allowing the microorganisms to reproduce and act for a predetermined period of time 

on the surface; 
20 d) checking the results of the treatment; and 

e) optionally repeating steps (a) to (d) at least once more, preferably at least three more 

times. 

According to the invention, microorganism(s) capable of decomposition, washing-off 
and inhibition and removal of the formation of mixtures of long chain solid hydrocarbons 

25 forming the said asphaltene-paraffin-vax precipitates are used, which are optionally 
resistant to said mixtures. According to the present method, microbes capable of destroying 
and/or inhibiting asphaltene-parafifin-vax precipitates can be isolated in advance from 
production wells, pipelines or crude oil containers. On the other hand, commercially 
available microorganism, which are capable of decomposing paraffines, vaxes and 

30 asphaltenes and/or producing tensides. as well as genetically modified forms thereof can be 
used. The microbes used, with respect of their thermal needs, can be normal-intermediate 
(mesophil) or favoring a temperature higher tlian usual (thermophil). With respect of their 



wo 2004/031536 




CT/IfU2003/000079 



9 

oxygen needs, anaerobic and facultative anaerobic microorganisms can be used. 
Furthermore, the microbes used for the present invention have to, in part, destroy and/or 
solubilize the materials of the precipitates, in a way that they produce certain materials 
(enzymes and/or tensides) in situ, which in turn capable of modifying the colloidal 
stmcture of the precipitates, and therefore breaking up the precipitates and/or preventing 
the attachment of precipitates to the wall of the pipe. In certain cases there can be a 
demand that the microorganisms used for oil degradation be apathogenic, in other words 
they shouldn't cause neither plant, nor animal, nor human diseases. In other cases even 
microorganisms capable of causing diseases can be used, if later they die, or if they have 
no effect on humans, thus can be used as a pesticide or herbicide at the same time. The 
microorganisms suitable for carrying out the technology of the invention, as mentioned 
hereinbefore, are commercially available, or alternatively can be some of the Pseudomonas 
sp., Xcarthomonas sp. strains isolated by the present inventors. 

Such microorganism strains suitable for the present invention can be prepared by the 
use of stsindard selection techniques known to the person skilled in the art, by culturing on 
appropriate selection medium, and selecting the strains showing the desired growth 
properties. Preferably, known microorganism(s), capable of decomposition, wasliing-ofif 
and inhibition and removal of the formation of mixtures of hydrocarbons (optionally 
resistant to said mixtures) can be used as starting material for the selection. Alternatively, 
bacteria can be cultured from oil production wells, from crude oils and oil containers, 
possibly from soils contaminated with oil, and then these bacteria can be ftirther selected 
based on their effeicts on large molecular weight asphaltene-paraffin-vax precipitates. Such 
selection method is disclosed in the P0203394 Hungarian patent application, the disclosure 
of which is incorporated herein be reference. 

In a preferred embodiment, the microorganism suitable for the method according to the 
invention can be selected as follows: 

i) applying a film comprising mineral oil component(s) or derivative(s) to a minimal 
medium lacking carbon source, 

ii) inoculating this medium with a sample comprising a mixture of microorganisms said 
sample being obtained from an oil pollution, and incubating the medium after inoculation 
at least till detectable microorganism colonies are formed; if the formation of colonies does 
not occur within an arbitrarily defined time period step i) and present step ii) are repeated. 
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iii) decomposing activities of the microorganism from the colonies formed are tested at 
tlie surroimdings of the colonies, and 

iv) tenside producing abilities of the decomposing microorganisms obtained from the 
colonies are checked ahd a tenside producing microorganism is selected. 

Preferably, the microorganism is a facultative anaerobic which is obtained in the above 
method by using minimal medium comprising materials facilitating anoxic respiration, 
preferably electron acceptors and/or oxigen sources - in particular one or more of the 
following: Ti-compounds, Mn-compounds, nitrite, nitrate, phosphate, pyrophosphate ions 
or their salts, and preferably the incubation is carried out at least partly under anaerobic 
conditions. 

The decomposing activity preferably is assessed by assaying the pollutant concentration 
of samples taken from the close surround/immediate vicinity of the colonies and/or on the 
basis of the diameter of the decomposed area. As a decomposing activity e.g. paraffin 
decomposing activity can be assayed or an enzyme activity for decomposing typical 
mineral oil pollutions, preferably by sampling, solvent extraction then by gas 
chromatography. 

In a preferred embodiment, tenside producing ability of the microorganisms from the 
colonies obtained can be studied by e.g. a hydrophobic-hydrophilic drop test. 

If microorganisms are isolated from the environment, so called sterile "solid minimal 
cultural-media" or preferably "silicagel solid culture-media" is used (for example in Petri- 
dishes). 

Whether we isolate microorganisms capable of aerobic and anoxic activity it is advised 
to use culture-media containing nitrogen, sulphur, phosphorous salts and agar-agar, 
preferably sterile silicagel solid culture-media. 

It is important to administer the specific hydrophobic pollutant or other hydrophobic 
compounds (hydrocarbons, crude oil, or its components and their derivatives) to 
decompose, dissolved in some kind of solvent, for instance a certain volatile organic 
solvent (alcohol, acetone, ether), preferably in pentane, hexane, or in methyl-benzene in 
the form of a thin film. Then the selected microorganisms from a fresh culture should be 
streaked onto this pollution layer, afterwards it should be incubated in tlie appropriate 
conditions for the strains (psychrophil, mesophil, thermophil, and aerobic, or anaerobic). 
After a certain time the microorganisms resistant to the pollutant and are able to 



wo 2004/031536 ^■pCT/HU2003/000079 



11 

decompose it will form colonies usually consistent or showing characteristic morphology 
or pigmentation. 

The microorganisms release enzymes into the area around the colonies, which are 
capable of decomposing the hydrophobic compounds such as hydrocarbons, and tensides 
5 are released also. 

The enzyme production can be characterized by the width of the band (clearing up or 

discoloration) surrounding the colonies. This characterizes the intensity of the en2yme 

production mainly (figure 1). The produced en25^me activity can be determined by taking 

samples from the surrounding area of the colonies and we determine the composition of the 

10 pollutant by the means of gas chromatography. The microorganisms showing the highest 

enzyme activity are then selected. 

The microorganisms producing tensides can be selected according to the hydrophilic- 

hydrophobic examination (for instance by water drops then by paraffin drops; see figure 2). 

Depending on the conditions of the selection of tlie microorganisms we can acquire 

15 information concerning their essential conditions besides their activity of decomposition. 

Thus microorganisms used for bioremediation can be ones that prefer cold (psychrophilic), 

the ones that prefer medium temperature (mesophilic), or the ones that prefer temperature 

above normal (thermophilic). 

Using the above-mentioned selection method, the present inventors isolated 

20 Pseudomonas sp. and Xcatthomofuzs sp. microorganisms from oil polluted soils, the 

following of which were deposited on April 17, 2002 at the National Collection of 

Agricultural and Industrial Microorganisms (1 1 18 Budapest, Somloi ut 14-16) according to 

the Budapest Treaty: 

MOL-number Deposition number 

MOL-2 NC AIM (P) B 1 3 04 

MOL-32 NCAIM (P) B 1305 

MOL-5 1 NCAIM (P) B 1 3 06 

MOL-66 NCAIM (?) B 1 307 

MOL-107 NCAIM (P)B 1308 

Microorganisms can be genetically enhanced, favorably carrying DNA fragment - of 
IS which the sequence is known - ligated into its' genomes as a marker. 

In a preferred embodiment, the present invention further relates to a method wherein in 
step d) the results of the treatment are checked by confirming the presence of a film on the 
surface in contact with the cmde oil which provides for the living conditions of the said 
microorganisms and contains the said microorganisms, and optionally steps a) to d) are 
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repeated by changing the parameters, preferably by changing the amount of the tenside or 
material capable increasing viscosity, or by varying the reproduction time of 

microorganisms. 

The approach of the microorganisms to the inner metal surface of the pipe, the 
5 attachment and living conditions thereof is facilitated by tensides and macromolecules, 
preferably by biodegradable polymers, or by physiologically harmless solvents, detergents 
and/or tensides. 

In preferred embodiments of the present invention, the materials used binds well to 
metal surfaces soiled with hydrocarbons. Due to this binding, a thin, continuous "film 

10 carrying bacteria" is formed on the contaminated metal surfaces from the additives used. 
This bacterium-carrying film provides the living conditions for the bacteria used. It is 
noted again that a viable, reproducing bacterial layer can be formed on the soiled surface of 
the pipe in the inventive method for the removal of contaminations. This bacterial layer 
localizes the effects described hereinbefore in the section on microbial treatments, and this 

15 focused effect allows an improved, more effective means for the removal of 
contaminations, or the prevention of formation thereof 

In further preferred embodiments, the said precipitates are removed from or prevented 
in the inner surfaces of pipes of oil-wells, flow line thereof, or in oil pipelines by the use of 
the method according to the invention. 

20 The formation of the bacterial layer is facilitated in that the bacterium-carrying film 
covers the inner surface of the pipe in a prolonged, stable manner after its formation. This 
film attaches both to the free metal surfaces and to the surfaces contaminated with 
asphaltene-paraffm-vax precipitates, thereby providing for suitable cleansing of the inner 
surface of the pipe, as well as for preventing the formation of fiirther precipitates. 

25 The bacterium-carrying film of the invention has the advantageous property of stability 
against wash-off by the flowing mixture of hydrocarbons. This is essential for the long- 
standing maintenance of a viable bacterial population necessary for the cleanliness of the 
pipes in the treated oil wells, pipelines, etc., providing a self-sustaining cleansing 
mechanism. The method according to the invention may not eUminate completely the 

30 necessity for the physical cleaning techniques, however, it facilitates the performance 
thereof, and decreases the risk of the tear of the cleaning devices, and increases the time 
intervals between physical treatments. 
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In a preferred embodiment, the invention relates to a method wherein the 
microorganisms and additives are added into the pipes at the same time in the form of an 
aqueous suspension. The polymer materials forming the film are capable of maintaining 
most of the microorganisms on the surface of the pipe in the form of a suspension, not 
interfering with the reproduction of said microorganisms and with the production of 
metabolites. Thus, the bacterial suspension introduced by the treatment remains stably on 
the surface of the pipe, and due to its viability and metabolism, it continuously decomposes 
the contaminants consisting of asphaltene-parafiFm-vax precipitates, which, at the same 
time, serve as nutrients for the metabolism of the said bacteria. 

The invention also relates to a method wherein the suspension of microorganisms 
contains 10^ to 10^^ CFU/liter, preferably 10*^ to 10^^ CFU/liter, more preferably 10^ to 10^ 
CFU/liter. According to this method, the volume of the suspension is 100 to 1000 liter/100 
m pipe-length, preferably 300 to 800 liter/100 m pipe-length, more preferably 500 to 600 
liter/100 m pipe-length. 

In these preferred embodiments, the metabolites produced by the reproducing bacteria 
in the bacterium-carrying film formed fi-om the starting materials used, and the 
reproducing bacteria themselves enter the flow of the hydrocarbons. These mobilized 
bacteria and metabolites, preferably having tenside and detergent activity, provide further 
means for the regeneration of the bacterium-carrying film, and for coating the fi*ee 
surfaces, or surfaces fi-eed by the removal of the contaminating precipitates. This way the 
film will also be extended. 

The film carrying the bacteria, together with the bacteria therein and attached to the wall 
of the pipes will hydrophylize the metal surface. This effect is facilitated by the additive 
components having surface activity, which are not interfering with the viability of the 
microorganisms. The preferred surfactants are selected from the group consisting of octil- 
or nonilphenoxy-polyethoxy ethanols (for example from the commercially available 
Triton™ series), polyoxyethylene sorbitan esters (Tween™ series) and the 
polyoxy ethylene ethers or esters of the general formula (I): 

HO(CH2CH20)„-A.R (I) 
wherein n is an integer between 1 and 50, A is chemical bond or -C(0)- group, R is Ci-50 
alkyi or phenyl-Ci.50 alkyl; or a combination of two or more of the above. In a preferred 
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embodiment the surfactant is selected from the group consisting of polyoxyethylene ethers 
or esters and mixtures thereof, preferably Tween 80. 

The main assurance for the stability of the bacterium-canying film is the use of 
materials increasing viscosity, to increase the relative viscosity of the additive mixture 
realtive to water. These additives are preferably macromolecular compounds. The use of 
said compounds allows and strengthens the attachment of the bacterium-carrying film and 
the bacteria therein to the inner surface of the pipe, and maintains the bacterium-carrying 
film on the surface. Non limiting examples of such macromolecular components according 
to the invention are Carbolpol, Supramil, xanthan, other water soluble macromolecules, 
such as starch, cellulose derivatives, and the like. According to an especially advantageous 
embodiment, the material increasing viscosity is xanthan. 

The additives used to form the film carrying the- bacteria may contain fiirther 
components, such as dimethyl sulfoxide, cellosolv, methyl-cellosolv, and the like. 

Additives to increase the viability, reproduction and/or activity of the bacteria can be 
preferably introduced into the system, which can be admixed to the film carrying the 
bacteria without decreasing its effectiveness. These additives can provide the nutrients for 
the microorganisms used, such as provide the necessary moisture, electron acceptors, 
macro and micro elements (materials to provide the necessary carbon, nitrogen, 
phosphorus, sulphur, etc.) in order to effectively inhibit the formation of asphaltene- 
paraffin-vax precipitates or prevent those in the pipes treated. 

Furthermore, the activity of facultative anaerobic microbes can be enhanced by the use 
of electron acceptors to allow anoxic respiration, such as nitrite (N02'X nitrate (NO3'), 
phosphate (P04^") or sulphate (S04^') and/or ferri salts. In addition, inorganic salts of other 
compounds, which also help anoxic respiration (NO2, NO3, PO3, PO4, P2O4, P2O7, CIO4, 
BO4, B2O7), or even organic compounds (dehydro-ascorbate, alpha keto-glutarate, acetic 
aldehyde, pyruvate, oxalic acetate, fiimarate, humin acids, etc.) can be used [Chih-Jen Lu 
et al., TJie effect of electron acceptors on the nitrate utilization efficiency in groundwaters, 
in Hydrocarbon Bioremediation, pages 469-474, editors: R. E. Hinchee B, C. et al, Lewis 
Publisher, Boca Raton, FL]. 

Preferred additives to be used according to the invention are the following: 

(i) carbon* sources, preferably glucose, saccharose, molasses, glycerol, acetate, xanthan, 

etc.; 
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(ii) nitrogen sources, preferably peptone, essential amino acids, NH4, NO2, NO3 or their 
salts; 

(iii) phosphorous sources, preferably PO4, P2O5, P2O7, or their salts; 

(iv) sulphur sources, preferably sulphate, pirosulphate ions or their salts. 

5 In the method according to the invention, the microorganism are allowed to reproduce 
and act for 1 to 15 days, preferably for 6 to 8 days, while the pipes are kept closed. In case 
when there is a possibility to modulate the temperature of the surface or pipeline, it should 
be set to a temperature which allows for the reproduction and activity of the 
microorganisms, preferably near to the optimal temperature thereof The temperature used 
10 is typically between 20 to 98 "C, preferably between 40 to 80 ^^C, and in the case of 
moderately thermophyl bacteria, preferably between 50 to 70 /"C, more preferably around 
60°C. 

In an alternative preferred embodiment, the method is carried out in a production oil 
well, and the temperature of the well is the temperature determined by the geological 
15 conditions. According to the method of the invention, the surface can be cleaned by 
mechanical means from the asphaltene-parafiEin-vax precipitates, if desired. The 
microorganisms are allowed to act for several days in the treated pipes, in order to enable 
the formation of a hydrophilic layer having suitable adherence from the bacterial 
suspension, and fiirther to enable the reproduction of the bacteria introduced by using up 
20 the starting nutrients. After the consumption of the nutrients, the production of metabolites 
will start, and the amount thereof may be sufiBcient to prevent the growth and adherence of 
the asphaltene-paraffin-vax particles formed in the flow of hydrocarbon mixture. 

After carrying out the method of the invention, the results of the treatment are checked 
by pilot test and by mechanical cleaning test and/or by evaluating the physico-chemical 
25 properties, preferably the decrease of viscosity of an oil sample and/or evaluating the drop- 
size of the asphaltene-paraflfin-vax precipitates in an oil-sample by microscopy. 

The methods of the invention are preferably carried out by using the microorganism 
defined in the present specification. 

The present invention fiirther relates to the use of a microorganism capable of breaking 
!0 down crude oil components or derivatives and producing at least one type of tenside for the 
removal and prevention of asphaltene-paraffin-vax by way of forming a film carrying 
bacteria on surfaces in contact with cmde oil. 
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In a preferred embodiment, the invention relates to the use of a microorganism which is 
a strain belonging to the Bacillus subtilis species, the Bacillus cereiis species, the 
Pseudomonas genus or the Xanthomonas genus, and preferably facultative anaerobic. 

It is an especially preferred use wherein the microorganism is selected form the group 
consisting strains NCAIM (P) B 1304, NCAIM (P) B 1305, NCAIM (P) B 1306, NCAIM 
(P) B 1307 and NCAIM (P) B 1308 deposited on April 17, 2002 at NCAIM, or any strain 
derived therefrom, and preferably is a strain that is genetically modified, more preferably 
modified by the insertion of a DNA fragment with a known sequence as a marker. 

In further embodiments, the invention relates to a kit for the removal or prevention of 
asphaltene-paraffin-vax precipitates on surfaces in contact with crude oil in pipelines, 
comprising a microorganism useful in the method of the invention, further comprising 
instructions to carry out the method of the invention. 

The invention further relates to a kit comprising one or more of the microorganisms 
defined hereinbefore and additive(s) necessary for the reproduction thereof In a preferred 
embodiment the kit further comprises a surfactant and/or a material for increasing 
viscosity. 

The invention is further detailed in the following examples. 



A. Selection of microorganism strains 

1. Example — Cultures on minimal medium 

Suspensions (1-20%) of samples containing materials of the said precipitates or a 
component thereof (mineral oil components, paraffins, asphaltenes, maltenes, etc., or 
derivatives of the mineral oil) are dispersed in physiological salt solution or even in any 
physiologically useable buffer Avith a pH 6.5-7.6 were made. Certain dilutions of such 
suspensions were administered onto the surface of agar-agar minimal culture media, and 
were incubated on 0 to 80 °C for a desired time, preferably for 12-72 hours. The isolated 
colonies were selected according to their activity of pollutant decomposition. 
Agar-agar minimal culture-media (for 1000 g of distilled water): 

0. 1-3 g preferably 2.5 g Na2HP04 

0. 1 to 3 g preferably 1.5 g KH2PO4 

0. 1 to 3 g preferably 0.5 g (NH4)2S04 

0.01 to 3 g preferably 0.05 g CaCb 
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0.5 to 3 g preferably 2.0 g agar-agar 
0. 1 to 5 g preferably 1 .5 g NaNOa 
It can be seen that the media cx>ntains ions promoting anoxic respiration CP04^' and its 
protonated forms, S04^", NO3') in other words it contains electron acceptors, which also 
allows the selection of aerobic and facultative aerobic microorganisms. 

In certain cases the aforementioned media was supplemented with 1-50 mL, preferably 
10 mL of the following solution (1000 mL): 
0.1 to 0.5 g preferably 0.25 gH3B04 
0. 1 to 1 .0 g preferably 0.25 g CoCl 
0.1 to 2.0 g preferably 0.25 g CuCk 
0.05 to 2.0 g preferably 0.25 g FeS04 
0.01 to 1.0 g preferably 0.025 gMnCl2 
0.01 to 1.0 g preferably 0.025 gNaMo04 
0.01 to 1.0 g preferably 0.025 g NiCk 
0.01 to 1.0 g preferably 0.025 g TiCU 
The metal ions of other oxidative states (for example Ti, Mn, Mo ions) also promote 
anoxic respiration as redox systems. 

2. Example: Silicagel culture media 

The microflora of the polluted soil samples can be grown on so called "silicagel 
minimal culture-media" which is a version of Vinogradszkij type silicagel solid culture 
media which is supplemented with the compounds mentioned in example 1. 

Thermophilic (50 to 80 ^^C) and extreme thermophilic (80 to 110 ""C) microorganisms 
can be grown and selected on silicagel minimal culture-media. 

3. Example: Examination of the activity of pollutant decomposition 

The ability of decomposition of the microorganisms isolated from minimal culture- 
Piedia can also be examined on such solid media. In this case we administer the 
hydrophobic pollutant (hydroc£irbons, lipoids etc.), dissolved in some kind of solvent, for 
instance a certain volatile organic solvent (alcohol, acetone, ether), preferably in pentane, 
hexane, in the form of a thin film. Then the microorganisms to be examined should be 
streaked onto this pollution layer, (figure 1). 
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The colonies are incubated at the desired temperature with the given oxygen 
concentration, for a desired time, preferably for 12-96 hours, more suitably for 48 hours, 
then the method should be repeated preferably 2-3 times again with the cultures grown. 

The controlled level of oxygen concentration allows us to perform our method in 
aerobic and anoxic conditions, thus we can isolate microorganisms which show activity in 
both aerobic and anoxic conditions. During the isolation of such facultative anaerobic 
microorganisms, part of the growth was done in anoxic conditions, and the media 
contained compounds that promote anoxic respiration. 

When the microorganisms isolated in the aforementioned way were streaked onto the 
film of pollutant, in the area around the colonies clearing up and discoloration could be 
observed showing that the pollutant was either converted, or decomposed (figure 1). 

Below we will introduce how we examined the effectiveness of decomposition, the ratio 
of pollutants decomposed after a certain time in the clearing (figure 3), thus the selected 
enzymes' activity was examined. Also we could examine the appearance of other 
compounds, specifically tensides, during the course of decomposition, which helped the 
process (figure 2). Of course a person skilled in the art can use other protocols in this case. 
4. Example: Examination of the effect of Microorganisms 
Activity of enzymes of oil decomposition 

On the surface of 15 mL of minimal agar-agar or minimal silicagel culture-media in a 
sterile Petri-dish with a 10 cm diameter we administered a thin film of pollutant (cmde oil 
products dissolved in 5% hexane or methyl-benzene solutions). Onto this film with a 
platinum loop we streaked the microorganisms isolated from a polluted environment (soil, 
ground water, etc), and grown in liquid media. Then they were incubated under the desired 
conditions (aerobic, or anaerobic), at the chosen temperature (15 to 20, 30 to 35 or 50 to 85 
°C) for the desired time (24-240 hours), up until the microorganisms formed 
distinguishable colonies. In case we can observe a certain change in the hydrocarbon film 
(clearing, discoloration) we take samples Scorn these zones, then extract it (hexane, methyl- 
benzene etc) with a solvent, then we examine the mineral oil product's quantity and its 
composition with the help of gas chromatography. 

The effectiveness the production (also including the viability) of enzymes capable of 
decomposing oil can be characterized by the width of the zone of clearing. The activity of 
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the enzymes can be followed by the decrease of the quantity of hydrocarbon components 
of the rock oil products. 

The activity of a few of the isolated microorganism strains is compared to other known 
strains (Table 1, 2). The letters in the table mean the following: 



BO-1 Hegboost* 

RO-1 Hegrem* 

A MOLr2 NCAIM (P) B 1304 

B MOL-32 NCAIM (P) B 1305 

C MOL-5 1 NCAIM (P) B 1306 

D MOL-66 NCAIM (P) B 1307 

E MOL-107 NCAJM (P) B 1308 

F MOL-113 A PseudomofTOs sp. strain isolated by the 
inventors 



* commercialized by Oil Cleaning Bio-Products Ltd. P.O.Box 46, Royston, Hertfordshire 
SG8 9PD U.K., see also the product descriptions and the home page: www.ocbp.co.uk . 
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Table 1. The effect of bacteria groups on paraffins with different melting points. 



Sign of 
group 


paraffin 




DW 6266 


DW 7580 


DW 5456 


DW 5658 


DW 5052 


BO-1 " 


+ 
6 


+ 
5 


-1- 
6 


+ 

6-8 


+ 

4-7 


RO-1 ^ 


+ 
6 


+ 
6 


-H- 
4-11 


+ 

3-6 


++ 
5-12 


A * 


■1 1 1 1 
15-18 


+ 

5-8 


-f-H- 
10-15 


1 1 1 1 
11-19 


+++ 
11-16 


B ' 


+++ 
5-11 


+ 

5-6 


+++ 
10-15 


1 1 1 1 
13-20 


-l-H- 
10-16 


C ' 


-H-+ 
10-15 


± 
4 


+++ 
14-17 


+++ 
14-18 


+++ 
11-14 


D 


+ 

5-7 


H- 
4-5 


1 1 l-l- 
10-22 


1 1 1 1 
10-34 


+ 

4-7 


E 


+ 

6-7 


+++ 
10-13 


+-H- 
13-17 


-t-H- 
11-13 


+++ 
13-16 


F «=W 


++ 
9-12 


++ 

6-10 


7-12 


++ 
4-10 


++ 
7-12 



t-efFect of tensides 
e-enzyme activity 
activity 



5 + insignificant 
-H- partial 
-f-H- satisfactory 
1- 1 I i outstanding 

number - the diameter of the decomposed area 
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Table 2. Different precipitated crude oil decomposition with bacteria groups at 37 °C after 
96 hoxxrs. 



Sign 


hydrophobic'^ 


asphaltene 


maltene 


5% asphaltene + 










Alg #571 oU 


BO-l 


+ 




+ 


-H- 




4-7 


9 


4-7 


6-12 


RO-1 


+ 




+ 


MM 




4-10 


7 


4-8 


15-18 






MM 


± 




A 


+ 






MM 




5 


10-38 


2 


22-25 












B 


+ 


MM 


+ 


MM 




4-8 


14-20 


4-7 


34-37 


c 


+ 


++ 


± 


1 M 1 




4-6 


7-12 


2-4 


25-30 


D 


+ 


+ 


-1- 


■MM 




3-6 


4 


4-8 


30-35 








MM 


Mil 


E 


MM 


+ 








22-25 


5-7 


20-25 


30-35 


F 


-t- 


+ 


MM 






4-5 


4-5 


10-35 


20-35 



t-ejBfect of tensides 
e-enzyme activity 
activity 
+ insignificant 
++ partial 
\.4-f+ satisfactory 
-H-H- outstanding 

number — tbe diameter of the decomposed area 

While compmng figure 3 with the Tables one can see that the enzyme activity 
(measured with gas chromatography, i.e. GC) of our isolated strains was a match for the 
strains kno^vn up to date, the effectiveness of decomposition (characterized bye the 
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average width of the area cleared up as a band), considering the pollutant significantly 
exceeded that of the strains known up to date. With our technology microorganisms 
specifically selected can be produced and can be used specifically for a pollutant that they 
decompose the most effectively. 

Detection of tensides produced with the help of hydrophilic-hydrophobic drops 

We repeat the procedure mentioned in example 4 in case of oil decomposing enzymes, 
with the exception tiaat in the clearing surrounding the colonies of the chosen 
microorganisms, under the desired conditions we administer a few drops of distilled water 
or melted paraffin onto the surface of the media. In the zone containing tensides the drop 
of distilled water spreads out, while in the area with no clearing up (hydrophobic) it forms 
a moveable bead like drop. The melted paraffin drop spreac^^out in^n\pveable manner in 
the area with tensides, while it sticks to the hydrophobic zone making its movement 
impossible (figure 2). 

The surface critical angle of the drops is measurable, and can even be used to 
quantitatively describe the production of tensides if fixing other parameters (growth time, 
drop zone). 

B. Treatment of oil wells 

The method of the invention was tested on two oil wells: on the well designated Alg- 
556, located in the Algyo region (field of Als6pannon-13/b) and the one designated Do-55, 
from the fields of Kiskundorozsma. Prior to the treatment, tubings of the wells were 
deparaffinated by mechanical means, using the scraper technique. The cleaning of the Alg- 
556 well took 1 to 1.5 hours, at the end of which the lubricator need to slant for cleaning 
tlie scraper. Depth of the deparaffmation was 350 too 400 m. During the cleaning of the 
well Do-55, the lubricator had to slant 2 to 3 times within 30 to 50 minutes time period in 
order to deparafifinate the production pipe in a depth of 300 to 350 m. 

During the treatment of these wells, 1000-1200 liter of additives and a mixture of 10^^ 
CFU/Iiter Pseudomonas sp., Xanthomonas sp. microorganisms [NCAIM (P) B 1307, 
NCAIM (?) B 1308] were used in the production wells of 1500 and 2500 m depth, 
respectively, repeated 3 times, as described in the specification. 

The composition of the additives used is shown in Table 3. 
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Table 3. The composition of the treating fluid. Amounts shown are for 100 Uter of treating 
fluid. 

Component Additive (g) Preferred amount (g) w/v% 



Additive/nutrient 

Glucose 50-300 

Saccharose 1 50- 1 200 
Peptone 10-100 
NH4NO3 20-400 
Na2HP04 30-500 

Polar organic solvent 

DMSO 60-1000 

Surfactant 

Tween 80 10-100 

Material increasing viscosity. 

Xanthan 20-400 



100 

620 

40 

140 

125 

250 

25 

100 



0,1 
0,62 
0,04 
0,14 
0,125 

0,25 

0,025 

0,1 



Results 

The data presented In figures 4 show that the method used resulted in significantly 
decreased viscosity. 

According to figures 5, the structure of asphaltene-paraflfin-vax precipitates within the 
flowing phase becomes loose, thereby not attached to the wall of the production pipe. 

The data of figures 6 show that the production of the well Do-55 has increased, and the 
ratio of water and oil has also changed. 

The method of the invention resulted in the improvement of the quantity and quality 
(flow characteristics) of the production within the treated wells, and, more importantly, the 
inhibition of asphaltene-^paraffin-vax precipitates has been maintained continuously for 8 to 
12 months. It can be seen, therefore, that the bacterium-carrying film formed in the treated 
pipes provides a self-reproducing protective coat. 

The oil wells changed completely with respect to deparaffination. After the treatments, 
slant of lubricator and cleaning of scrapers was not necessary due to the insignificant 
amounts of paraffin. The time of deparaffination using scraper (which is still carried out in 
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these wells) decreased to 0.5 to 1 hours for Alg-556, and 10 to 20 minutes for Do-55, 
respectively. The frequency of mechanical cleaning is also decreased. This shows that the 
need for mechanical cleaning can be significantly reduced and faster, due to the 
significantly reduced precipitation. 

The method of the invention can be suitable, in addition to the inhibition/removal of 
asphahene-paraffin-vax precipitates, for the inhibition and removal of carbonate-sulphate 
precipitates, as well as for the inhibition of corrosion, by using appropriately selected 
microorganisms or mixtures thereof, which produce organic acids and/or other tenside 
intermediers. 
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Claims 

1. Method for the removal of asphaltene-paraffin-vax precipitates and prevention of 
formation thereof on surfaces in contact with crude oil, comprising 

a) adding tensides, materials for increasing viscosity, and microorganisms capable of 
breaking down crude oil components or derivatives and producing at least one type of 
tenside, to the surface, optionally together with additives required for the reproduction of 
said microorganisms; 

b) providing an appropriate temperature for the microorganisms after the addition of the 
materials in step a); 

c) allowing the microorganisms to reproduce and act for a predetermined period of time 
on the surface; 

d) checking the results of the treatment; and 

e) optionally repeating steps (a) to (d) at least once more, preferably at least three more 
times. 

2. The method according to claim 1, wherein in step d) the results of the treatment are 
checked by confirming the presence of a film on the surface in contact with the cmde oil 
which provides for the living conditions of the said microorganisms and contains the said 
microorganisms, and optionally steps a) to d) are repeated by changing the parameters, 
preferably by changing the amount of the tenside or material capable mcreasing viscosity, 
or by varying the reproduction time of microorganisms. 

3. The method according to claim 1 or 2, wherein the said precipitates are removed fi-om 
or prevented in the inner surfaces of tubings of oil-wells, flow hnes thereof or in oil 
pipelines. 

4. The method according to claims 1 to 3, wherein the said microorganisms and 
additives are added to the surface at the same time, in the form of an aqueous suspension. 

5. The method according claim 4, wherein the suspension of microorganisms contains 
10^ to 10^^ CFU/liter, preferably lO'^ to 10^^ CFU/liter, more preferably 10^ to 10^ 
CFU/liter. 

6. The method according to claim 4 or 5, wherein the volume of the suspension is 100 to 
1000 liter/100 m pipe-length, preferably 300 to 800 liter/100 m pipe-length, more 
preferably 500 to 600 liter/100 m pipe-length. 



wo 2004/031536 



PCT/HU2003/000079 



26 

7. The method according to claim 6, wherein the microorganisms are allowed to 
reproduce and act for 1 to 15 days, preferably for 6 to 8 days, while the pipes are kept 
closed. 

8. The method according to claims 3 to 7, performed in a production oil-well, and the 
temperature in the well is determined by the geological conditions. 

9. The method according to claims 3 to 8, wherein the results of the treatment are 
checked by pilot test and by mechanical cleaning test and/or by evaluating the physico- 
chemical properties, preferably the decrease of viscosity of an oil sample and/or evaluating 
the drop-size of the asphaltene-paraffm-vax precipitates in an oil-sample by microscopy. 

10. The method according to claims 1 to 9, wherein the surfactant is selected from the 
group consisting of polyoxyethylene ethers and esters, and mixtures thereof, preferably 
Tween 80. 

11. The method according to claims 1 to 10, wherein the material capable increasing 
viscosity is xanthan. 

12. The method according to claims 1 to 11, wherein the asphaltene-parafifin-vax 
precipitates are removed from the surface in advance by mechanical means. 

13. Use of a microorganism capable of breaking down crude oil components or 
derivatives and producing at least one type of tenside for the removal and prevention of 
asphaltene-paraffin-vax precipitates by way of forming a film carrying bacteria on surfaces 
in contact with crude oil. 

14. The use according to claim 13 wherein the microorganism is a strain belonging to 
the Bacillus subtilis species, the Bacillus cereus species, the Pseitdomonas genus or the 
Xanthomoiras genus, and preferably facultative anaerobic. 

15. The use according to claim 13 or 14 wherein the microorganism is selected form the 
group consisting strains NCAJM (P) B 1304, NCAIM (P) B 1305, NCAIM (P) B 1306, 
NCAIM (P) B 1307 and NCAIM (?) B 1308 deposited on April 17, 2002 at NCAIM, or 
any strain derived therefrom, and preferably is a strain that is genetically modified, more 
preferably modified by the insertion of a DNA fragment with a known sequence as a 
marker. 

16. Kit for the removal or prevention of asphaltene-paraffin-vax precipitates on surfaces 
in contact with crude oil in pipelines, comprising a microorganism useful in the method of 
claim 1, ftirther comprising instructions to cany out the method of any of claims 1 to 12. 
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17. The kit according to claim 16 comprising one or more of the microorganisms 
defined in any of claims 13 to 15 and additives necessary for the reproduction thereof. 

18. The kit according to claim 16 or 17 further comprising a surfactant and/or a material 
for increasing viscosity. 
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